A series containing ten aryl 3-(substituted phenyl) bicyclo [2.2.1] heptene-2-yl-methanone derivatives including 3-(substituted phenyl) bicyclo [2.2.1]hepten-2-yl-(pyren-1-yl)-methanones have been synthesized by aqueous phase fly-ash catalyzed [4+2] Diels-Alder cyclo addition reaction of cyclopentadiene and aryl chalcones. The yields of the methanones are more than 60%. The synthesized methanones are characterized by their physical constants and spectral data. The insect antifeedant activities of synthesized methanones have been studied using Dethler's leaf-discs bioassay method.
INTRODUCTION
The Diels-Alder reaction is the best stereo selective reaction for the synthesis of six-membered bicyclic compounds by [4+2] cycloaddition of a diene and dienophiles [1] . If this reaction is reversible in thermal condition then it is called as retro-Diels-Alder reaction. From the past three decades, the characteristic reactivity, selectivity, endo-, exomechanistic aspects and the effect of solvent of this Diels-Alder reaction has been reported [2, 3, 4, 5, 6, 7] . Currently, aqueous phase Diels-Alder reaction is important for the synthesis of organic substrates especially bicyclo compounds with stereo selectivity, specificity, due to easy handling technique and procedure, non-hazardousness, non-polluted to the environment and good yields [1, 8, 9] . Reidant and Breslow [10] have investigated the aqueous phase reaction of cyclopentadiene and vinyl methyl ketones in water and the reaction rate is greater than 700 times faster than in organic solvents. Numerous catalysts including Lewis acids [5] , Bronsted acids [5, 11] , Asymmetric catalyst with helical polymers [12] , Cu 2+ ion-mediated nanotubes [13] , DNA and Micellar based catalysts [7, 14, 15, 16, 17] have been employed for this [4+2] cycloaddition Diels-Alder reaction of cyclopentadiene(diene) and E-chalcones (dienophiles). The vinyl ketones, aza-vinyl ketones, bicyclo methanones possess antimicrobial activities and antibodies [18] . The hydroxylated and methoxylated organic compounds possess antioxidant activities [19, 20, 21] . The halo substituted enones possess insect antifeedant activities [20, 21, 22, 23, 24, 25] . Within the above view, there is no report available for the synthesis of 1-pyrenyl based heptane [2.2.1] methanones by aqueous phase fly-ash catalyzed Diels-Alder reaction of cyclopentadiene and 1-pyrenyl chalcones. Hence, the author have taken efforts for synthesize some 1-pyrenyl based heptene [2.2.1] methanones and evaluated their insect antifeedant activities using Dethler's [26] disc-diffusion bio-assay method.
MATERIALS AND METHODS

General
All chemicals were procured from Sigma-Aldrich and E-Merck brands. Fly ash was collected from Thermal Power Plant-II, Neyveli Lignite Corporation (NLC), Neyveli-607 803, Tamil Nadu, India. 3 of water were stirred for 6 h in 0-4°C (Scheme 1) and kept the reaction mixture for an overnight. The completion of the reaction was monitored by thin layer chromatogram. Dichloromethane (10 cm 3 ) was added and the extract was separated by filtration. The filtrate was washed with water, brine (10 cm 3 ), dried over on anhydrous Na 2 SO 4 and concentrated gave the solid product. The crude product was further purified by recrystallization with ethanol. The physical constants, analytical and mass fragments of the methanones were presented in Table 1 . After isolation of the product, the insoluble fly-ash catalyst was thoroughly washed with 8 mL of ethyl acetate and water heated at 110°C for 3h. Then this is used for further reaction runs. [28] . Glass, mullite-quartz, and magnetic spinel are the three major mineralogical matrices identified in fly-ash. The elements Si, Al, Fe, Ca, C, Mg, K, Na, S, Ti, P, and Mn are the constituents of fly-ash. The solubility of fly ash has been extensively investigated and it is largely dependent on factors specific to the extraction procedure. Literature study reveals that the long-term leaching studies predict that fly-ash will lose substantial amounts of soluble salts over time, but simulation models predict that the loss of trace elements from fly-ash deposits through leaching will be very slow. Small amounts of radioisotopes are found to be the constituents of fly ash which do not appear to be hazardous. Hence, the author have synthesized aryl 3-(substituted phenyl)bicyclo[2.2.1]hept-5-en-2-yl-(pyrene-1-yl) methanone by aqueous phase Diels-Alder reaction of E-enones and cyclopeantadiene under cooling condition. During the reaction the chemical species present in the fly-ash was catalysed the [4+2] cycloaddition reaction. In this reaction the obtained yield is more than 60%. The analytical physical constants and mass fragments are presented in Table 1 . The reusability of catalyst in this cycloaddition reaction was studied with 2 mmol of 1-pyrenyl chalcone and 2 mmol of cyclopentadiene (entry 11) and is presented in Table 2 . The first run gave 65% of the product. After isolation of the product, the insoluble fly-ash catalyst was washed with 8 cm 3 of ethyl acetate and water then heated at 110°C for 3h and kept in a vacuum desiccator. This catalyst was used further second run of the Diels-Alder reaction with the same reactant (entry11). In this second run the obtained yield was 60%. Then the catalyst was recovered as above and proceeds the same reaction in third time. The obtained yield of third run is 53%. Similarly the fourth and fifth runs gave 40% yield. After fifth run this reaction gave very low yield of less than 10%. The chalcones containing electron donating substituents (OCH 3 ) gave higher yield than electron withdrawing (halogens and nitro) substituents. The effect of catalyst on this reaction was studied by varying the catalyst quantity from 0.5 to 3g. As the catalyst quantity increased from 0.5 to 3 g the percentage of product increased from 60-65%. Further increase the catalyst amount beyond 3 g, there is no increase in the percentage of product. The effect of catalyst loading was shown in Fig. 1 . The optimum quantity of catalyst loading was found to be 3 g. The effect of solvents on this reaction (entry 11) was studied with the same quantity of reactants with methanol, dichloromethane, dioxane and tetrahydrofuran and is presented in Table 3 . The higher yield was obtained in ethanol with fly-ash in water medium. -1-yl) Fluorophenyl)bicyclo[2.2.1]hept-5-en-2-yl)(pyrene-1-yl) -1-yl) Nitrophenyl)bicyclo[2.2.1]hept-5-en-2-yl)(naphthalen-2-yl) 
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Insect antifeedant activity
Generally organic compounds which are having carbonyl, unsaturation and halogens they possess insect antifeedant activity. Therefore, the author wishes to examine the insect antifeedant activity of these 3-(substituted phenyl)bicyclo[2.2.1]hept-5-en-2-yl-(pyrene-1-yl) methanone derivatives and found to be active as insect antifeedants. This test was performed with a 4 th instar larva Achoea janata L against castor semilooper, were reared as described on the leaves of castor, Ricinus communis in the laboratory at the temperature range of 26°C ± 1°C and a relative humidity of 75-85%. The leaf -disc bioassay method 23 was used against the 4 th instar larvae to measure the antifeedant activity. The 4 th instar larvae were selected for testing because the larvae at this stage feed very voraciously.
Measurement of insect antifeedant activity of 3-(substituted phenyl) bicyclo[2.2.1]hept-5-en-2-yl-(pyrene-1-yl) methanones
Castor leaf discs of a diameter of 1.85 cm were punched and intact with the petioles. All synthesized 3-(substituted phenyl)bicyclo[2.2.1] hept-5-en-2-yl-(pyrene-1-yl) methanone were dissolved in acetone at a concentration of 200 ppm dipped for 5 minutes. The leaf discs were airdried and placed in one litre beaker containing little water in order to facilitate translocation of water. Therefore, the leaf discs remain fresh throughout the duration of the rest, 4 th instar larvae of the test insect, which had been preserved on the leaf discs of all 3-(substituted phenyl)bicyclo[2.2.1]hept-5-en-2-yl-(pyrene-1-yl) methanone and allowed to feed on them for 24 h. The areas of the leaf disc consumed were measured by Dethler's method [26] . The observed antifeedant activity of 3-(substituted phenyl)bicyclo[2.2.1]hept-5-en-2-yl-(pyrene-1-yl) methanone was presented in Table 4 .
The results of the antifeedant activity of 3-(substituted phenyl)bicycle[2.2.1]hept-5-en-2-yl-(pyrene-1-yl) methanone are presented in Table 4 reveals that compounds 12-16 were found to reflect satisfactory antifeedant. This test is performed with the insects which ate only twoleaf disc soaked under the solution of this compound. Compound 14 showed enough antifeedant activity but lesser than15. Further compound 15 was subjected to measure the antifeedant activity at different 50, 100, 150 ppm concentrations and the observation reveals that as the concentrations decreased, the activity also decreased. It is observed from the results in Table 5 and that the 15 (3-(4-chlorophenyl)bicyclo[2.2.1]hept-5-en-2-yl)(pyrene-1-yl)methanone showed an appreciable antifeedant activity at 150 ppm concentration. 
